Abstract. Manufacturing companies are heavily competing for the identification of new sources of value for the market, moving from a traditional transaction-based and product-centric orientation towards the provision of integrated solutions to their customers. In this context, Service Engineering, the discipline concerned with the systematic development and design of service and productservices, is gaining particular relevance for mastering the service lifecycle management of a product-service solution. This paper provides a contribution in this field with the description of a Service Engineering Framework platform to support the reengineering of the service offering in a multinational company operating in the power and automation industry, with the aim to provide a customized solution able to fulfill the specific customer requirements and at the same time to gain a better efficiency in the delivery of the service processes.
Introduction
The recent macro-economic events have contributed to increase awareness of the strategic relevance deriving from the provision of services related to products, as an economic anti-cyclical remedy for tackling the dramatic contraction of the markets. This strategic evolutionary path followed by most manufacturing companies, usually termed as servitization, is mainly motivated by a continuous search of new sources of value, by either reactively fulfilling explicit requirements or proactively providing new integrated product-service solutions to the customer [1] , evolving from a "pure product" orientation towards a more integrated product-service perspective [2] . One of the major managerial challenges is related to the need of companies to redesign their organisational principles, structures and processes [3] , capabilities [4] , relationships with customers [5] and suppliers [6] . In this sense, the design and development of a product-service solution and of its lifecycle raise new issues, since the service component introduces further requirements that in a traditional product-based business model are not relevant. In particular, the cultural shift from a transaction-based approach to a long-term relationship with a customer needs to be thoroughly understood by companies along with the acquisition of suitable models, methods and tools for collecting, engineering and embedding in a solution all the knowledge that meets or exceeds people's emotional needs and expectations. However, as reported by [1] , even though a significant part of the literature has provided contributions on methods and tools, only a small number of approaches have been developed specifically for service and productservice design and engineering.
In such a context, Service Engineering (SE), calling for the design and the development of an integrated product-service offering valuable to customers and contributing to a continuous positive change of customer satisfaction and experience [7] [8], becomes a predominant field. The relevant aspect of SE as a new discipline is that it investigates product-service design and development considering both customer and company internal perspectives.
In spite of the SE advantages underlined by theory, only few authors have proposed methodologies and tools which can be easily adopted by industrial companies, that continue to maintain a product-centric focus during the design of a solution. In addition, the existing tools in SE are mainly focused on design solutions able to satisfy customer needs, without balancing the search for an excellent value provided to final customers with the achievement of better efficiency in the delivery of the service processes. Moreover, a Service Lifecycle Management (SLM) perspective is missed, reducing service to a mere delivery execution process. This could lead to the emergence of what has been defined as service paradox [9] as an evidence of the countereffects on the company's organization and its cost profile that could derive from venturing in these new markets due to a combination of hazard and opportunities.
In order to fill this gap, purpose of this paper is to discuss a real case application of the Service Engineering Framework which has been developed with the aim of integrating the design capabilities of the Service CAD, a modeling methodology for Service Design, with a simulation platform, enabling the comparison of several product-service configurations and the evaluation of technical and financial performances.
Using this framework, the service offering -in particular, the preventive maintenance service delivered by a multinational company operating on a global scale in the power and automation industry -has been investigated, with the purpose of providing re-engineering proposals of the current way it provides its services to the market. To illustrate the framework and its application, the paper is structured as follows. Section 2 is devoted to a literature review on SE with a brief state of the art of design and simulation methods and tools, focusing in particular on the Service CAD methodology and Discrete Event Simulation (DES). By making use of the case study, Section 3 provides an in-depth description of the single modules of the framework. Conclusions and further developments of the research are reported in the last section.
Service Engineering
The profit generation and the commercial success of a product-service solution critically depend on its conceptualisation, design and development, even if this notion has been largely ignored [7] . According to [10] , the plethora of available tools and methodologies are typically a rearrangement of conventional processes, thus lacking a critical and in-depth evaluation of their performance in practice. Compared to physical products, services are generally under-designed and inefficiently developed [11] . Service Engineering (SE) is an emerging discipline aiming at filling this gap between product and service design. Sharing the definitions provided by [7] and [8] , SE can be termed as a technical discipline concerned with a systematic development and design of services aiming at increasing the value of artefacts. So far, a significant part of the SE literature has provided contributions on "HOW" a SE process must be carried out through the adoption of appropriate practices [7] [1], as well as methods and tools required to perform the single activities and phases. However, a small number of methods have been developed specifically for service design, development and engineering [1] .
Among the different academic schools approaching the SE, Tokyo Metropolitan University has been working in this area since the beginning of the last decade developing the Service CAD methodology [12] [13] [14] . Service CAD is a modeling methodology created to describe and develop a customer value and its ground, the relationship between customer value and service contents, the service contents delivered by products and/or services [13] . The following paragraph better explains the main features of the Service CAD and the Service Explorer, a computerized design tool thought to describe and improve the quality of services.
Basics of the Service CAD Methodology
In accordance with the Service CAD methodology, a service is defined as an activity that changes the state of a service receiver by make him/her satisfied. More in detail, the receiver is described by a set of Receiver State Parameters (RSPs) representing the customer value [12] . The Service CAD provides some models which have to support a designer in the service design [12] [13], as briefly described in the following:
(1) the Flow model represents the flow among the various agents of a value chain. (2) the View model describes, through a functional tree structure, the mutual relationships between the customer value, represented by a RSP, and the related functionalities. In the lower level of a View model the entities (hardware and humanware resources) and their attributes are introduced. Using a View model, designers perform a static evaluation of customer satisfaction based on these entities and their attributes. (3) the Scope model describes the real activities taking place between two agents, i.e.
between a receiver and a service provider. It deals with the RSPs of both the provider and the receiver, and handles multiple view models (namely, multiple RSPs). (4) the Extended Service Blueprinting represents the service delivery process, and how the entities are connected with sub-processes and functions. The details of the relationships between functions and entities are here depicted. A Business Process Modeling Notation (BPMN) [18] is used in the extended service blueprint.
Therefore, by connecting the service functionalities defined through the View model and the service delivery process defined by the Extended Service Blueprinting, designers can clarify the relationship between the service process and the customer expected value through the explication of its functionalities.
Based on the aforementioned modeling method, a computer-aided design system called Service Explorer has been under development since 2002 [14] . Aim of the Service Explorer is to describe the customer needs and their mutual relationships as well as to provide a design environment that can support designers from individual customer analyses up to entities construction.
Discrete Event Simulation Models
Simulation can be defined as "a technique of constructing a model that describes the behavior of a real world system, and the resulting model can then be used to test how the performance of a proposed system alters over differing operating conditions" [16] . Business process simulations have been extensively studied in the past, and many techniques and tools currently exist. In particular, Life Cycle simulation [17] and Discrete-Event Simulation (DES) modeling have been investigated in the area of product-service. The adoption of simulation in the service field is becoming relevant due to the increasing scale of operations, and to the complexity and the nature of operations connected. In this sense, simulation can be really supportive in the design of the service delivery process and in the evaluation of different systems created under multiple 'what-if' scenarios. Several existing projects aiming at modeling and simulating product-service systems are reported in literature [15] . In this research field, authors have mainly stressed the need to design solutions able to satisfy customer needs. However, in order to make service provision profitable in the long term, it is of utmost relevance to balance the excellence in the value channel to the customer with a high efficiency and productivity of the service processes, through the achievement of standardization and modularization of the underlying activities and resources. In this sense, the integration of Service CAD and simulation, and in particular DES, can really support managers to reach this equilibrium. The main advantage of DES is that the development of simulation models requires less assumptions, data and is more robust than analytical models.
The Service Engineering Framework and Its Application
The aim of the Service Engineering Framework is to support the engineering of a new product-related service and the reengineering of already available solutions. Further, it aims at allowing the definition of the most suitable and complete service and/or solution for a customer in terms of content and provision processes. As depicted in Fig. 1 , the framework is based on five different modules, each one referring to a specific phase of the Product-Service Engineering process. The simulation model has been developed using the ARENA ® simulation software by Rockwell Automation.
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• Analysis of the functionalities and entities relevance by use of QFD: Quality Function Deployment was adopted with the aim to identify the most relevant functionalities and entities of the preventive maintenance service the company can leverage on to optimize its provision process and satisfy customer needs. All the functionalities directly connected with the onsite execution of the maintenance and the human entities that have a direct relationship with the customer (e.g. maintenance operators and dispatcher) are the most critical ones to properly satisfy customer's needs.
PROCESSS
• Definition of the process blueprinting: the onsite and offsite preventive maintenance processes were modeled by use of the service blueprinting methodology. A detailed model of the processes was defined, and for each humanware entity a swimming lane in the process maps was reserved with the aim to better explain the process flow.
• Link of the blueprinting and the functionalities: in order to verify whether the current processes are able to satisfy the customer's need, it is fundamental to ascertain whether the functionalities identified in the previous phases are delivered along the 1st level functionality Sub-level functionalities Decomposed from "ensure failure prevention" Entities process and which part of the process is the most critical in terms of customer satisfaction. The processes under analysis were able to provide the functionalities characterizing a good preventive maintenance service. Moreover, it was observed that the company reserves a lot of attention to the front-line activities.
SIMULATION
• Development of the simulation model: The static models developed in the Value and Process phases were transposed in the DES simulation tool environment. The transposition has been done manually by the translation of the BPMN model in the ARENA ® nomenclature. In particular, both the customer process and the service delivery processes (as detailed in the blueprinting) have been simulated by using real field data, and different scenarios were tested.
• What-if analysis of the simulation model: The scenarios were defined and evaluated based on the functional tree and the QFD analysis by a modification of: i) the saturation of the most relevant entities (maintenance operators and dispatcher) and ii) the priority assigned to the different functionalities and therefore to the different part of the process. Moreover, tests connected to a variation of the number of maintenance interventions were also carried out. In this way it was possible to identify the best solution which maximizes the expected performance, in terms of both company's revenues and customer satisfaction.
Conclusions
This paper presents the application of the Service Engineering Framework to support the re-engineering of a product-related service in a real company. Built around five different phases, the framework extends the logic of the Service CAD methodology through the introduction of a Discrete Event Simulation phase to support the economical and risk assessment of the most suitable product-service solution and the best performing provision process. Many are the advantages achievable through the introduction of this framework in the investigated company: (i) the adoption of a systematic procedure to analyse the existing services, (ii) an improvement of the process performance by the identification of the elements affecting customer values, (iii) a reduction of the costs and (iv) a better definition of the process changes in order to properly manage an increase of demand and revenues. The output resulting from the simulation gave the company a lot of insights to improve its processes and to define a more customer-oriented structure. Due to confidentiality reasons, it was not possible to report in this paper more detailed data.
In order to better understand the appropriateness and robustness of the framework, further applications should be carried out either in engineering new services or in the reengineering of existing solutions enlarging also the perspective to non-industrial service systems, such as healthcare or touristic services.
As it was experienced along the case study, the main requirement for a fruitful adoption of the framework resides on the need of a massive quantity of field data which normally are not systematically collected and easily retrievable.
